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£H 1 Abstract 

A possibility to measure the energy and polarization distributions of high inten- 
sity 7-beams is considered. This possibility is based on measurements of the number 
of e^-pairs in such media, as laser waves and single crystals. The method may be 
useful for future 77 and e7-colliders. 

g ! 1 Introduction 

High energy 7-beams using in physical experiments have rather broad energy spectra. 
The measurement of the energy spectrum is an important and primary problem in such 
experiments. Often the intensity of 7-beams may be very high, and because of this it is 
D I impossible to use the number of 7-quanta counting techniques. An excellent example of 
this situation is the 7-beams on future and 77-colliders 0, H, ffl, M. In these cases for 



the correct interpretation of experimental data it will be important to know the spectral 
luminosity and its polarization characteristics. 

In this paper we discuss a possibility to measure the spectral and polarization distri- 
^ \ butions of high intensity 7-beams with energies of hundreds GeV. 



2 Main principles of measurement 

Let us consider a parallel beam of high energy 7-quanta with some (unknown) energy 
distribution. We assume that this distribution is not changed for the time of measure- 
ments. In particular, this situation will take place on future 77-colliders. Really, these 
77-colliders are accelerators with the periodic action when parameters of beams are main- 
tained the same in each cycle. 

It is known that 7-quanta are detected by their interactions with various media. The 
process of e ± -pair production followed by the development of electromagnetic cascade is 
the main result of such interaction. In this paper we consider a possibility to measure the 
energy and polarization distributions of high energy 7-beams with the use of thin layer 
of some specific medium, in which the e ± -pair production cross section is known with a 
high precision. 

It is well known that the cross sections of e ± -pair production for high energy 7-quanta 
in amorphous media are practically independent of their energy B. However, there exist 
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media, in which the cross sections of e ± -pair production are dependent on the energy and 
polarization of high energy 7-quanta. The monochromatic laser wave |7] and oriented 
single crystals [§, |] are examples of such media (see Fig.l). 

First we consider the possibility of measurements of the energy spectrum with the use 
of monochromatic laser wave. In this case the cross section of the e ± -pair production has 



the following form [11, [12 



a jy (z) = a (z) + a c (z)P 2 & + <7,(*)(&^i + £ 3 P 3 ), (1) 

2 4 

where z = |r-|r is the invariant variable, E 1 and E[ are the energies of 7-quantum and 
laser photon, m is the electron mass, c is the speed of light, £j and Pj, (i — 1 — 3) are the 
Stokes parameters of 7-quantum and laser photon, respectively. Functions a , a c , a\ one 
can find in |TU], [II], [CS| . These three functions are different from zero at < z < 1. It 
means that the pair production in field of the laser wave is a threshold process. Note that 
the variable z is written for the counter motion of 7-quanta and laser wave. Generally, 
z = 4m 2 c 4 / s, where s is the total energy of the 7-quantum and the laser photon in their 
center-of-mass system. 

In the general case of two colliding beams with corresponding densities (numbers of 
particles per volume unite) n\ and n 2 , and velocities v 1; v 2 the number of interactions in 
volume dV for a time dt is equal to |I3fl : 



dv = a\J (vi - v 2 ) 2 - [vi, V2] 2 nin 2 dVdt, (2) 

where a is the cross section of interaction. In the case when vi and v 2 are directed along 
the straight line this equation has the following form: 

dv = a\vi — v 2 \ri\n 2 dV dt (3) 

For 77-interactions these equations are simplified: 

dv = (1 — cos 9)ariin 2 dVdt, (4) 

dv = 2an\n 2 dV dt (5) 

where 9 is the angle between directions of motion of these beams. 

Let n 7 and ni are the densities of high energy 7-beam and laser beam, correspondingly. 
In this case it would appear reasonable that ni » n 7 . It means that we can neglect the 
variations of revalue in the considered process. Now we can find the total number of 
interactions in the thin volume V of laser bunch 

m{E h Pi, P 2 , P 3 ) = 2mSx / iV 7 (P 7 )a 77 (P 7 , Ei)dE 7 , (6) 

where iV 7 is the energy distribution of 7-beam, E^^ min and E^ )Tnax are the minimum and 
maximum energies of 7-quanta, 5x is the thickness of the laser bunch (Sxnia^ << 1). It 
can be assumed that the photon energy in Eq. (6) is variable. It means that the laser 
frequency is changed for each or some cycles of 77-collider. Besides, we propose that the 
number can be measured with the help of some detector and it can be a scintillation 
counter. The number of photons creating from passing relativistic particles through the 
counter in a time of some picoseconds are proportional to the number of these particles. 
It may be another type of detector, for example, a current transformer, etc. 
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However, the cross section cr 77 depends on the Stokes parameters of the 7-beam and 
laser wave. Because of this, one can duplicate the total number of measurements of re- 
value. One-half of measurements must be done with the circular polarization of laser 
wave Pi = 1 and the remaining part - with the P2 = — 1. Thus we can get the following 
equations: 

n (£i) = {ni{E h 0, 1, 0) + m(E h 0, -1, 0))/2 = (7) 

f .max 

= 2m5x N 1 (E 1 )a (E 1 ,E l )dE 1 , 

" E*y „ rnA.n. 



n c {Ei) = (th(Ei, 0, 1, 0) - m(E u 0, -1, 0))/2 

AT (7?. \ ^ CJ TP. \ ^ rr (rr. W.,\rU-, 



2m5x / iV 7 (£ 7 ) < £ 2 (£ 7 ) > a c {E 1 ,E l )dE 1 

" Erv _ rn.in 



where < £2 (-^7) > is the circular polarization everaged over set of 7-quanta with the 
energy equal to E 1 . Eqs. (7)- (8) represent the system of two linear integral equations 
relative to functions iV 7 (i£ 7 ) and N^(E^) < ^2(^7) >• From these equations one can find 
the energy and circular polarization distributions of 7-beam, if the dependencies n and 
n c are known. Obviously, similar equations may be written for < £1 > and < £ 3 > Stokes 
parameters of 7-beam. It should be noted that Eqs. (4)-(5) are valid when the intensity 



of laser wave is not very high (see |1CJ, 

The pair production process in single crystals || [| may also be used for the determi- 
nation of the energy spectrum and linear polarization of 7-beams. Generally, this process 
depends on the two angles of orientation relative to direction of 7-quanta propagation. 
When 7-beam move near strong crystallographic plane and far from axes, the process is 
described with the help of the one orientation angle 9 C with respect to the plane. Fig.lc 
illustrates the pair production cross sections for unpolarized 7-quanta propagating in a 
silicon single crystal near (110) plane. One can see that the cross sections are changed 
very strongly at variations of the orientation angle in the range 0.2 - 1 mrad. Unlikely, 
the cross section of pair production in single crystals depends on the linear polarization 
and is independent of the circular polarization [§, |] (nevertheless, see JHJ)- ft means 
that only < £1 > and < £3 > Stokes parameters may be determined with the help of the 
single crystals. 

However, the circular polarization of 7-beam can be transformed into a linear one 
with the help of laser bunch [TI], [TTj, [TJ|, and thereafter can be analyzed by a single 
crystal. Note that this transformation take a place without intensity losses of 7-beam (if 
< m 2 c 4 /Ei). 



Eq. (6) can be rewritten in the following differential form: 

^j=r(E e , E p ) = n 2 5x N 7 (E 7 )^(E 7 , E e , E p )dE 7 , (9) 

where i s the differential cross section for production e ± pair when one of the particles 
has energy equal to E e , E p is a possible parameter such as an orientation angle, laser 
photon energy, etc. This equation is written for the fixed target (v% = 0). In principle, 
one can measure the drii/dE e -vdlue with the use of the magnetic analysis. Then Eq. (9) 
is a linear integral equation and its solution is the energy distribution of 7-beam. It is 
obvious, the measurement of the energy distribution of e ± -pairs allows one to use various 
media, for example, amorphous ones. Note, equations similar to Eqs. (7)- (8) one can 
write in differential form too. 
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Real 7-beams have some angular divergence. The constancy of the cross section <r 77 in 
the limits of the divergence is necessary for using Eqs. (6)-(9). One can see from Eq. (4) 
that this condition are true for the laser medium, if the divergence less then tens mrad. In 
the case of the usage of silicon single crystals oriented near (110) plane the divergence <50 
of the 7-beam must satisfy (only in one direction) the following condition: 5<p/8 c < 0.02. 

3 Simulation 

In this section we present some calculations, which can help to feel the problems of 
realization of energy and polarization measurements on the future 77-colliders. For our 
calculations we select E lymax = 400 GeV. This energy corresponds to the electron beam 
energy about 500 GeV. 

For a parallel and pointlike electron beam the number of scattered photons with the 
energy in the range from E n to E y + dE^ [0, is 

rfiV 7 = N e —^dE^ (10) 

<T Ce dEry 

where N e is the number of electrons, k is the conversion coefficient, a ce is the cross section 
of the Compton effect. For simulations we select 7-beam energy distribution in the form: 
da ce /dE T The form of the energy and polarization distributions depends on the helicities 
A, P c of electron and laser beams 0. Fig.2 illustrates these distributions for two cases: 
1)2A = 1, P c = -1 ; 2)2A = -1, P c = -1. 

We calculate the no and n c - values (see Eqs. (7-8)) for the above-mentioned the energy 
and polarization distributions of 7-beam. Fig. 3 illustrates these calculations in the laser 
wave and silicon single crystal. Note that n c is equal to zero for single crystals. One can 
see that these functions are simple enough and have smooth shapes. 

Knowing hq and n c -functions one can make an attempt to find the energy and polar- 
ization distributions of 7-beam for the above-mentioned cases. The simplest way to do it 
is to represent of the unknown distributions in the form of polynomials 

JV 

iV 7 = ]Ta fc £ 7 fc , (11) 

k=0 

N 

iV 7 <& (12) 

fc=0 

where a k and b k are the constant coefficients. Substitution of Eqs. (11)- (12) in Eqs. (7)- 
(8) allows to obtain the two systems of linear algebraic equations for different Ei-values. 
The solutions of these equations are a k and ^-coefficients. 

We select N=7 for calculations . We also select the 8 various .E^-values in the follows 
manner: E\ = E^ m i n + 5Eik, (k = — 7). Here E\^ n and 5Ei are the minimal energy 
and step of energy variation for the laser photon. Some series of calculations were done, 
in which E^ min , 5Ei, are varied from 0.8 and 0.25 eV to 1.5 and 1 eV, correspondingly. 
The obtained in such a manner approximate polynomials are described good enough as 
the whole energy and polarization distribution for two cases. Fig.2 illustrates the typical 
description with the help of polynomials when Ei tmin = 1 eV and SEi = 0.25eV^. One 
can see that the narrow range near the end of energy and polarization distributions (from 
390 to 400 GeV) are described incorrectly for the second case. However, if we select 
Ei t mi n = 0.7 eV and 5Ei = 0.05 eV, then the polynomial description in a range from 300 
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to 400 GeV becomes good. Note, it is impossible to describe properly the origin of all 
distributions because of the threshold in 7-beam and laser photon interactions (see Fig.l). 
The agreement on fig. 2 between the polynomial and true distributions at small energies 
one can explain by the simple forms of curves or by randomness. Similar calculations 
were also done with the use of the cross section in silicon single crystals (see Fig. 2c) at 
variations of the orientation angle from 0.2 to 1 mrad. These calculations show good 
agreement between the computed and initial energy distributions. 

We suppose that there is no problem to solve the integral equations numerically, if the 
no and n c -functions are known with a high precision. However, these functions will be 
obtained as result of measurements. Because of this, it is important to understand the 
influence on the reconstruction of the energy and polarization distributions such factors 
as fluctuations and systematic errors. Our estimations on the base of the polynomial 
model show that solutions of Eqs. (7)-(8) are stable enough relatively to small uniformly- 
distributed shifts of n ,n c - values (of about 1% to their absolute values). On the other 
hand, small (about 0.01%-0.001%) fluctuations of the above pointed values do not allow 
one to describe satisfactory the energy and polarization distributions with the help of 
polynomials at N=7. However, this result is obvious: fluctuations distort the true distri- 
butions and more high degree of polynomials or another class of approximation functions 
are required for their description. We think that for the discount of fluctuations it will be 
properly to correct the measured n and n c -values, for example, by the method of least 
squares. 

4 Discussion 

In this paper we have considered the possibility to measure the energy and polarization 
distributions of high energy 7-beam with intensity which does not allow to counter ev- 
ery 7-quantum. This situation is expected on future ej and 77-colliders. One of main 
parameters of these colliders is the luminosity. The relations for spectral luminosity one 
can find in [0, 0. In the general case, the knowledge of the energy and polarization dis- 
tributions does not determinate completely the spectral luminosity and such important 
characteristics as the everaged < >, = 1 — 3) Stokes parameters. However, we 
think that measurements of the above pointed distributions will be very useful for deter- 
mination of the luminosity but further investigations in this field are required. Besides, 
in specific cases (but important for practice) the spectral luminosity is factored, and the 
energy and polarization distributions of both the 7-beams are multipliers in the product 
of some values. The spectral luminosity of ej and 77-colliders will be determined by the 
use of the various calibration processes p], |2J. Contrary to this practice the solution of 
the above pointed problem allows one to carry out the measurements for some hundreds 
cycles. 

5 Conclusion 

A new possibility for the measurements of the energy and polarization distributions of 
7-beams in hundreds GeV is proposed. This possibility may be useful for practical appli- 
cations on future cj and 77-colliders. However, further development of this possibility is 
required. In particular, it is necessary to find solutions of the following problems: 
i) the choice of optimal algorithm for solution of Eqs. (7)-(9); 
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ii) the reconstruction of spectral luminosity on the base of measurements of energy 
distributions of 7-beams; 

iii) the choice of the detector type for registration of e -pairs; 

iv) the estimation of the background and its minimization. 

At the present time the considered method may be investigated experimentally on 
7-beams of electron accelerators jilfl . 

We believe that another important problem may be solved on the base of our con- 
sideration. This is the problem of experimental determination of the equivalent photon 
spectrum in peripheral collisions of relativistic ions |T7 . 



The author would like to thank V.G. Vasilchenko for useful discussion. 
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100 300 Ey GeV 

Figure 1: The cross sections of e ± -pair production uq, <j c in laser wave (a,b) and 
a si in (110) silicon single crystal plane (c) as functions of 7-quantum energy. The 
numbers near curves are the energy of laser photon (a,b) in eV and orientation angle 
(c) in mrad. <r and a c is measured in i\r\ units, where r e is electron radius. as% is 
normalized on the cross section when the crystal is not aligned. 
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100 200 300 E 7 GeV 



Figure 2: The energy (a) and circular polarization (b) distributions of 7-beam 
for two cases: 1) 2A=1, P c = -1; 2)2A=-1, P c —-\. The pointed curves are result of 
reconstruction (see text for detail). 
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Figure 3: a) Calculated Uq and n c - values as functions of laser photon energy; 
recalculated no-values as functions of the orientation angle of silicon single crys- 
tal relative to (110) plane. Numbers near curve correspond to: 1) 2A=1, P c =-1; 
2)2A=-1, P c =-1. 
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